Introduction {#Sec1}
============

Sleep problems are prevailing in modern society, with about one third of individuals from Western countries suffering from poor sleep \[[@CR1], [@CR2]\]. Suboptimal sleep quality is associated with negative health consequences and deficient work performance \[[@CR3]--[@CR5]\] and is characterized by one or more of the following symptoms \[[@CR6]\]: (i) difficulties initiating sleep, (ii) difficulties maintaining sleep, (iii) waking up too early, or (iv) feeling non-refreshed in the morning.

Previous research has shown that (chronic) stress is an essential antecedent of poor sleep quality and that work can be an important cause of stress \[[@CR7]--[@CR9]\]. Work-related stress can be defined as emotional, cognitive, behavioural, and physiological reactions to negative aspects of work \[[@CR10]\]. A recent review suggests that job demands are among the most important work-related stressors in relation to sleep complaints \[[@CR11], [@CR12]\]. Moreover, several recent studies based on the Swedish Longitudinal Occupational Survey of Health (SLOSH) cohort found that job demands are adversely and longitudinally related to two important dimensions of poor sleep quality: sleep disturbances and non-restorative sleep (i.e. awakening problems) \[[@CR13], [@CR14]\] (Garefelt et al., submitted). However, not all studies have provided consistent support for these findings \[[@CR15]\]. Knowledge about the temporal job demands-sleep relation is still limited, and little is known about possible underlying mechanisms of this relationship \[[@CR12]\].

Work-related perseverative cognition (PC) may play an important role in the pathway from job demands to reduced sleep quality \[[@CR16], [@CR17]\]. PC is defined as "repeated or chronic activation of the cognitive representation of one or more psychological stressors" \[[@CR17]\] (p. 114), with work-related PC resulting from work-related issues \[[@CR18]\]. Specifically, the PC hypothesis suggests that a continuous mental representation of (work) stressors may cause prolonged physiological activation and, consequently, poor stress recovery and poor sleep, rather than (or in addition to) the stressors themselves \[[@CR17]\]. Especially work-related PC is assumed to jeopardize psycho-physiological recovery from job demands and has accordingly been associated with work-related stress(ors) and reduced sleep quality \[[@CR19]--[@CR21]\].

Reciprocal Relations Between Job Demands, Work-Related PC, and Sleep Quality {#Sec2}
----------------------------------------------------------------------------

Only few studies have examined the direction of temporal relations between job demands, work-related PC, and sleep quality. Studies that did focus on these interrelations found indications for reciprocal relations between these concepts \[[@CR13], [@CR20]\]. Thus, in addition to normal causation relations (job demands → PC, PC → sleep quality), also reversed causation relations (sleep quality → PC, PC → job demands) were detected. This reversed causal path is explained by the 'stressor creation hypothesis' \[[@CR22]--[@CR24]\], which states that poor sleep quality may alter an individual's perception of their work environment and/or may foster work-related PC.

The first aim of this study was to confirm the reciprocal temporal associations between job demands, work-related PC, and sleep quality. The present study is a follow-up study of (Garefelt et al., submitted) and thus, we expected to replicate the reciprocal, positive relations (i.e. both normal and reversed relations) found between job demands and poor sleep quality (both sleep disturbances and awakening problems; hypothesis 1). Moreover, based on a previous study by Van Laethem et al. \[[@CR20]\], we expected that job demands are reciprocally and positively related to work-related PC (hypothesis 2) and that work-related PC, in turn, is reciprocally and positively related to poor sleep quality (hypothesis 3). The second aim of this study was to examine whether perseverative cognition mediates the assumed reciprocal association between job demands and sleep quality. Very few studies on this topic included three or more waves allowing for proper mediation analysis, and no study previously examined reciprocal mediation. We expected that work-related PC is a mediator in the reciprocal temporal association between job demands and sleep quality (hypothesis 4).

Continuous Exposure to High Job Demands {#Sec3}
---------------------------------------

The core assumption of effort-recovery theory is that after effort expenditure at work, individuals are fully recovered once psycho-physiological systems have returned to baseline levels by means of psycho-physiological unwinding before the start of a new period of effort expenditure \[[@CR25]\]. However, if psycho-physiological recovery is incomplete (e.g. due to excessive overwork or prolonged mental preoccupation with work), one starts the next working period still feeling fatigued. As a result, one has to expend compensatory effort to perform adequately, which increases the burden on the recovery process and may lead to an accumulation of fatigue. Accordingly, allostatic load theory states that due to a long-term accumulation of load effects, psycho-physiological systems may start to malfunction, resulting in chronic load effects \[[@CR26]\]. This is also in line with the accumulation model \[[@CR27], [@CR28]\], which describes the adverse temporal relationship between stressor and strain. The accumulation model posits that this temporal relationship is the result of an accumulation of stress effects, which do not necessarily disappear when the stressor is removed. Based on the allostatic load theory and the accumulation model and as sleep is undeniably the most important recovery activity \[[@CR7]\], continuous/chronic high job demands are expected to be associated with a decline in sleep quality. Additionally, work-related PC will likely increase when dealing with higher job demands \[[@CR7]\]. The third aim of the present longitudinal study was to examine whether individuals suffering from *continuous* (i.e. long-term) high job demands experience a deterioration in sleep quality and an increase in work-related PC over time. We hypothesized that individuals, who experience stable high job demands, experience lower sleep quality (hypothesis 5a) and higher work-related PC (hypothesis 5b) compared to individuals with stable moderate or low job demands. We also expected that employees with stable high job demands show a decrease in sleep quality (hypothesis 6a) and an increase in work-related PC (hypothesis 6b) over time, whereas these unfavourable changes are expected to be absent among workers with stable low or moderate exposure to job demands.

To examine the reciprocal relations between job demands, work-related PC, and sleep quality, as well as the continuous exposure to job demands, we chose to perform a longitudinal study with three measurement waves each two years apart. A two-year time lag has been identified as an appropriate time lag when assessing stressors in relation to mental health \[[@CR29], [@CR30]\] and has frequently been used in high-quality research on job demands and sleep quality \[[@CR15], [@CR31]\]. In addition, when focusing on long-term associations, it is preferable to employ a time lag which is rather long as opposed to a short time lag as a longer time lag may merely lead to an underestimation of the actual causal effect, whereas a too short time lag may wrongfully indicate that there is no causal effect \[[@CR28]\].

Methods {#Sec4}
=======

Study Population {#Sec5}
----------------

The study population consisted of the participants of the SLOSH study, a longitudinal cohort survey with a focus on the association between work organization, work environment, and health. SLOSH follows participants of the Swedish Work Environment Surveys (SWES) conducted every second year by Statistics Sweden. The SWES consist of a subsample of gainfully employed people aged 16--64 from the Labour Force Survey (LFS). Since the start of SLOSH in 2006, eligible SWES participants were invited every second year to respond to a postal questionnaire in two versions, one for those currently gainfully employed and one for those permanently or temporarily employed outside the labour force. Respondents were categorized as being in paid work if they had worked on average ≥ 30% during the past 3 months. Data collection was conducted by Statistics Sweden. The current paper included participants who were gainfully employed in the 2010 (*N* = 9132), 2012 (*N* = 7325), and 2014 (*N* = 15,359) data collections. Out of the 9132 participants employed in 2010, 754 participants were not employed 2 years later, and 2818 people did not respond to the questionnaire in 2012, resulting in 5569 participants gainfully employed in both 2010 and 2012, which corresponds to a response rate of 61%. Out of those, 662 participants were not in paid employment in 2014 and 1765 persons did not participate in SLOSH 2014 at all. Thus, 4079 participants were gainfully employed in all three waves and the response rate from wave 2 to wave 3 was 73%. Dropout analyses were conducted, comparing the effective longitudinal sample with participants with available data at 2010, but who did not participate in the later waves. The analyses showed that the effective longitudinal sample consisted of slightly more women (57.6 vs. 54.3%, *p* \< 0.01), somewhat younger (49.2 ± 8.7 vs. 50.2 ± 11.2, *p* \< 0.001), and higher educated individuals (3.3 ± 1.4 vs. 2.9 ± 1.4, *p* \< 0.001) compared to all respondents in 2010. As the present study focused on sleep quality, respondents who worked night shifts on at least one of the waves were excluded from analyses (*N* = 999). The final sample consisted of 3080 participants. The SLOSH study has been approved by the Regional Research Ethics Board in Stockholm. Informed consent was obtained from all individual participants included in the study.

Measures {#Sec6}
--------

We assessed two important dimensions of sleep quality. *Sleep disturbances* (reflecting a lack of sleep continuity) were measured with four items (difficulty falling asleep, repeated awakenings, early awakening, and disturbed sleep). *Awakening problems* (reflecting feelings of being insufficiently restored) were assessed by two items (difficulty awakening and not well-rested). All items were derived from the Karolinska Sleep Questionnaire (KSQ) \[[@CR13], [@CR32], [@CR33]\]. Response options reached from 1 = never to 6 = always/five times a week or more. Cronbach's alpha coefficients for disturbed sleep ranged from 0.84 to 0.85.

*Job demands* were measured by the Swedish version of the Demand-Control Questionnaire (DCQ) \[[@CR34]--[@CR36]\] and were assessed by four items (working fast, too much effort, enough time (reversed), and conflicting demands). All items had four response options (1 = never/almost never, 2 = rarely, 3 = sometimes, and 4 = often). Cronbach's alpha coefficients for job demands ranged from 0.65 to 0.68. *Decision authority* was derived from the same questionnaire, was assessed with two questions (choice in how you do your work and what you do at work; the correlation coefficient between the two items ranged from 0.60 to 0.62), and was used as a covariate in this study.

*Work-related PC* was measured with three items from the over-commitment scale from the Effort-Reward Imbalance Questionnaire \[[@CR37], [@CR38]\]. These items fit well with the definition of work-related PC presented in the "[Introduction](#Sec1){ref-type="sec"}", which posits that one is not able to cognitively detach from work stressors while being at home \[[@CR18]\]. The items are as follows: "Work rarely lets me go, I even think about it in the evenings"; "When I get home, I can easily relax and 'switch off' work" (reversed); and "As soon as I get up in the morning I start thinking about work problems". All items were answered on a four-point Likert scale reaching from 1 = totally disagree to 4 = totally agree. Cronbach's alpha coefficient was 0.83 across all time points.

Analytic Strategy {#Sec7}
-----------------

Average scores for sleep disturbances, awakening problems, job demands, work-related PC, and the covariate decision authority were computed. The longitudinal data were analysed with structural equation modelling. This type of analysis allows not only for path analysis in the traditional direction (i.e. normal causation: job demands → PC → sleep quality) but also for paths opposite to the traditional direction (i.e. reversed causation: sleep quality → PC → job demands) \[[@CR39]\]. The sleep quality dimensions 'sleep disturbances' and 'awakening problems' were entered as separate, but correlated factors. We compared four possible models: the first model (model 0) only included auto-regressions over time. In the next step, the *normal causation* model (model 1: job demands → sleep quality, job demands → PC, PC → sleep quality) and the *reversed causation* model (model 2: sleep quality → job demands, PC → job demands, sleep quality → PC) were fitted to the data, while still including the auto-regressions in each model. Finally, the reciprocal model (model 3: job demands ↔ sleep quality, job demands ↔ PC, PC ↔ sleep quality) was tested. Structural equation modelling was performed with the lavaan 5.20 package in R Statistical computing and graphics software \[[@CR40], [@CR41]\]. To reduce possible bias by missing data, we used the full information maximum likelihood (FIML) estimation \[[@CR42]\]. Based on the recommendations of Hu and Bentler \[[@CR43]\], model fit was assessed with the root mean square error of approximation (RMSEA) and the comparative fit index (CFI). Standardized estimates were calculated for all models and are reported here. Previous research has shown that several variables are related to job demands, work-related PC, and sleep and may distort results if not accounted for (cf. \[[@CR20]\]). For instance, sleep problems are more common in women and increase with age \[[@CR44], [@CR45]\]. Thus, the analysis was controlled for sex (1 = male, 2 = female), age (in years), education (1 = compulsory, 2 = two-year upper secondary/vocational training, 3 = 3- or 4-year upper secondary, 4 = university or equivalent \< 3 years, 5 = university or equivalent ≥ 3 years), and the time-varying covariates shift work (0 = no shift work, 1 = shift work; night workers were already excluded) and decision authority. Indirect effects (mediated effects) were estimated by the product of coefficients method \[[@CR46]\]. In this method, the estimate of the relation between the independent variable and the mediator is multiplied with the estimate of the relation between the mediator and the dependent variable. Statistical significance of the effect was evaluated using the bootstrapped 95% confidence intervals with 10,000 iterations. Mediation is determined when the confidence interval does not contain 0 \[[@CR47]\].

For the analysis concerning continuous exposure to high job demands, three subgroups were created. For each time point, mean scores on job demands were divided with a tertiary split. The tertiary split was identical on all time points. The job demands measure was recoded so that 1 indicated low job demands (cut-off score ≤ 2.25), 2 indicated moderate job demands (cut-off score 2.25--2.75), and 3 indicated high job demands (cut-off score \> 2.75). If an individual's score fell into the same demands subgroup on all time points, this individual was categorized into a stable group (i.e. 1-1-1 = stable low job demands group, 2-2-2 = stable moderate job demands group, and 3-3-3 = stable high job demands group). After creating the stable job demands groups, 488 participants (15.8% of full sample) had stable low job demands at all three time points, 277 participants (9.0% of full sample) experienced stable moderate job demands, and 384 participants (12.5% of full sample) had stable high job demands. Altogether, the stable groups (*N* = 1149) comprised of 37.3% of the total sample. Continuous high job demands were high in absolute terms as the cut-off for high job demands was a score between 2.8 and 4 (range 1--4) on all time points. Next, a 3 × 3 repeated measures MANOVA was performed, including time as within factor (i.e. three time points), and sleep disturbances, awakening problems, and work-related PC as dependent variables. Job demands group (stable low, stable moderate, stable high) was entered as between-subject factor, and all covariates were accounted for.

Results {#Sec8}
=======

Descriptive Statistics {#Sec9}
----------------------

The study sample consisted of slightly more female respondents than male respondents (59% female). Most respondents were ≥ 40 years of age (*M* ~baseline~ = 49.01; range 23--71 years). Moreover, the majority of respondents were moderately to highly educated and did not participate in shift work. See Table [1](#Tab1){ref-type="table"} for characteristics of the full sample as well as the subsample that was used for the group analyses regarding continuous exposure to job demands. Comparing the subgroup to the full sample in terms of sex, age, educational level, and work schedule, no differences were detected (i.e. *d* \< 0.10). Lastly, occupation of participants was classified according to the Swedish Standard Classification of Occupations. Distribution of occupations was diverse and represents the Swedish working population well. The most common occupation categories were professionals (e.g. engineers, doctors, teachers; 24.9%), technicians and associate professionals (e.g. computer assistants, photographers, air traffic controllers; 28.3%), and service workers and shop sales workers (e.g. cooks, childcare workers, hairdressers; 13.3%).Table 1Sample characteristicsFinal full-panel sampleSubsample continuous job demands*N*%*N*%Sex Men125940.944738.9 Women182159.170261.1Age 23--29481.6131.1 30--3943014.014913.0 40--4999932.436631.9 50--59129942.249843.3 60--713049.912310.7Educational level Compulsory31110.112410.8 2-year upper secondary/vocational training72423.526723.2 3- or 4-year upper secondary71423.226322.9 University or equivalent \< 3 years45114.616914.7 University or equivalent ≥ 3 years88028.632628.4Work schedule (at T1) No shift work281791.5105291.6 Shift work2638.5978.4Occupation (at T1) Legislators, senior officials, and managers2307.6827.2 Professionals75624.927724.4 Technicians and associate professionals86028.332028.2 Clerks2698.9988.6 Service workers and shop sales workers40513.316614.6 Skilled agricultural and fishery workers260.9131.2 Craft and related trades workers2468.1938.2 Plant and machine operators and assemblers1585.2585.1 Elementary occupations892.9282.5

Means, standard deviations, and correlations are presented in Table [S1](#MOESM1){ref-type="media"} in the supplemental material. All correlations between the main research variables were significant and in the expected direction. Stability of variables over time was high with standardized beta coefficients ranging between 0.53 and 0.69.

Interrelations Between Job Demands, Work-Related PC, and Sleep Quality {#Sec10}
----------------------------------------------------------------------

Structural equation models with constrained normal and reversed pathways (i.e. pathways from T1 to T2 and from T2 to T3 were 'forced' to be equal) did not fit the data worse than models including free pathways. Thus, only the constrained models are reported here. All structural equation models fitted the data reasonably well. See Table [2](#Tab2){ref-type="table"} for an overview of model fit and model comparisons of all structural equation models. We performed chi-square difference tests to compare the normal (model 1), reversed (model 2), and reciprocal (model 3) models to the null model (model 0). We found that all of these models fitted the data significantly better than the null model, which indeed implies a temporal relationship between job demands, work-related PC, and sleep quality. The reciprocal model was shown to fit the data most accurately, providing the strongest support for reciprocal relations between job demands, work-related PC, and sleep quality. See Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"} for the standardized regression coefficients of the forward and reversed structural paths.Table 2Model fit and comparisons for structural equation modelsModelModel fitModel comparison*χ* ^2^ (*df*)RMSEACFIModel*χ* ^2^Model*χ* ^2^Model 01750.43 (112)0.0690.923Model 1 (normal)1653.98 (105)0.0690.9271 vs. 096.44\*Model 2 (reversed)1588.89 (105)0.0680.9302 vs. 0161.53\*Model 3 (reciprocal)1513.69 (98)0.0680.9333 vs. 0236.73\*3 vs. 275.20\*\**p* \< 0.05 Fig. 1Overview of the normal and reversed pathways (sleep disturbances) and standardized regression coefficients (*β*). The model is adjusted for age, sex, educational level, work schedule, and decision authority, but for clarity, these pathways are not depicted. \**p* \< 0.05 Fig. 2Overview of the normal and reversed pathways (awakening problems) and standardized regression coefficients (*β*). The model is adjusted for age, sex, educational level, work schedule, and decision authority, but for clarity, these pathways are not depicted. \**p* \< 0.05

Our results regarding the direct, across-wave (T1--T2, T2--T3) relationship between job demands on the one hand, and sleep disturbances and awakening problems on the other hand, while not yet including work-related PC, replicated the reciprocal, positive relations found by (Garefelt et al., submitted) (see Figure [S1](#MOESM2){ref-type="media"} in the supplemental material for a visual representation of the relationships and standardized regression coefficients). As soon as work-related PC was included in the model, however, the across-wave (T1--T2, T2--T3), reciprocal relations between job demands and disturbed sleep disappeared and only near-significant, reversed relations from disturbed sleep to job demands prevailed. The positive, reciprocal relations between job demands and awakening problems remained unchanged. All normal and reversed relations between job demands and both sleep quality dimensions from T1 to T3 (i.e. across four years) were insignificant.

Relations of job demands with work-related PC were positive and reciprocal, which indicates that job demands are not only related to subsequent work-related PC but work-related PC is also related to a subsequently higher experience of job demands. The normal causation and reversed causation pathways were all revealed to be significant. Work-related PC, in turn, was positively and reciprocally related to sleep disturbances and awakening problems as all normal and reversed causation pathways were significant. See Fig. [1](#Fig1){ref-type="fig"} for an overview of relationships concerning sleep disturbances and Fig. [2](#Fig2){ref-type="fig"} for all relationships concerning awakening problems. Please note that all relations concerning sleep disturbances and awakening problems were entered in the same model, but for clarity, are shown in two separate figures.

Since all main effects (i.e. direct, across-wave relations between job demands and both sleep quality dimensions, relations between job demands and work-related PC, and relations between work-related PC and both sleep quality dimensions) were reciprocal, mediation through work-related PC seemed plausible. As requirements for modern mediation were fulfilled (i.e. proof of mediation does not require the independent and dependent variables to be directly related; it suffices to have significant associations between independent variable and mediator as well as between mediator and dependent variable; cf. \[[@CR48], [@CR49]\]), we performed a mediation analysis to test whether work-related PC acted as a mediator in between job demands on the one hand and sleep disturbances and awakening problems on the other hand. Specifically, we examined whether work-related PC at T2 mediated the relation between job demands at T1 and sleep disturbances and awakening problems at T3. Since all relations were reciprocal, we also tested reversed mediation effects, in which sleep disturbances and awakening problems at T1 affect job demands at T3 via work-related PC at T2. The confidence interval of the indirect effect from job demands to sleep disturbances via work-related PC did not contain 0. Therefore, work-related PC did act as a mediator in the normal pathway between job demands and sleep disturbances and accounted for approximately 17% of this relation (i.e. the proportion mediated). The proportion mediated is an effect size of the mediation effect and is calculated by dividing the indirect effect by the total effect \[[@CR50]\]. Work-related PC was also a mediator in the reversed pathway from sleep disturbances to job demands and mediated about 63% of this association. Lastly, work-related PC was a mediator in the normal and reversed relations between job demands and awakening problems. Work-related PC mediated approximately 13% of the normal pathway from job demands to awakening problems and fully mediated the reversed pathway from awakening problems to job demands. None of the total effects (i.e. the sum of the direct and indirect effect) were significant, which may be due to the insignificant direct effects (T1--T3) between job demands and both sleep quality dimensions. See Table [3](#Tab3){ref-type="table"} for an overview of all indirect (i.e. the amount of mediation) and total effects as well as standardized estimates.Table 3Indirect effect (amount of mediation) and total effect (sum of indirect and direct effects) of job demands on sleep disturbances and awakening problems via work-related PC and the reversed effectsDirection of effectType of effectStandardized estimateUnstandardized estimate (CI)Job demands (T1) → PC (T2) → sleep disturbances (T3)Indirect0.003\*0.005\* (0.003--0.008)Job demands → sleep disturbancesTotal0.0180.034 (− 0.023 to 0.092)Sleep disturbances (T1) → PC (T2) → job demands (T3)Indirect0.005\*0.003\* (0.001--0.004)Sleep disturbances → job demandsTotal− 0.008− 0.004 (− 0.025 to 0.016)Job demands (T1) → PC (T2) → awakening problems (T3)Indirect0.002\*0.004\* (0.001--0.007)Job demands → awakening problemsTotal0.0160.031 (− 0.029 to 0.093)Awakening problems (T1) → PC (T2) → job demands (T3)Indirect0.002\*0.004\* (0.001--0.007)Awakening problems → job demandsTotal− 0.0020.002 (− 0.019 to 0.023)*CI* confidence interval\**p* \< 0.05

Continuous Exposure to High Job Demands {#Sec11}
---------------------------------------

We performed a repeated measures MANOVA to examine whether individuals exposed to continuous high job demands experience a deterioration in sleep quality and an increase in work-related PC over time. No significant multivariate interaction effect of group and time was revealed (*F*(12, 6606) = 1.67, *p* = 0.07, *η* ~p~ ^2^ = 0.003). Neither was the multivariate within-subjects main effect significant, indicating that the dependent variables (i.e. sleep disturbances, awakening problems, work-related PC) did not change over time (*F*(6, 4402) = 1.46, *p* = 0.18, *η* ~p~ ^2^ = 0.002). However, the between-subjects main effect was significant, showing that the stable demands groups significantly and consistently differed from each other (*F*(6, 2200) = 73.74, *p* \< 0.001, *η* ~p~ ^2^ = 0.17).

Univariate analyses of between-subjects effects revealed that the stable low, stable moderate, and stable high job demands groups differed from each other for disturbed sleep, awakening problems, and work-related PC \[disturbed sleep: *F*(2, 1101) = 75.72, *p* \< 0.001, *η* ~p~ ^2^ = 0.12; awakening problems: *F*(2, 1101) = 56.49, *p* \< 0.001, *η* ~p~ ^2^ = 0.09; work-related PC: *F*(2, 1101) = 263.47, *p* \< 0.001, *η* ~p~ ^2^ = 0.32\]. Pairwise comparisons with Bonferroni correction supported these findings. Respondents in the stable high job demands group reported highest scores on sleep disturbances, awakening problems, and work-related PC. Respondents in the stable moderate and stable low job demands group reported moderate and lowest scores on sleep disturbances, awakening problems, and work-related PC, respectively. The three job demands groups all differed significantly on sleep disturbances, awakening problems, and work-related PC on all time points. An overview of group effects is presented in Fig. [3](#Fig3){ref-type="fig"}.Fig. 3Overview of group effects for stable low, stable moderate, and stable high job demands on sleep disturbances, awakening problems, and work-related PC

Discussion {#Sec12}
==========

Job Demands, Work-Related PC, and Sleep Quality {#Sec13}
-----------------------------------------------

The first goal of this longitudinal three-wave study was to examine the interrelations between job demands, work-related PC, and sleep quality over time. Results revealed reciprocal, direct across-wave relations between job demands on the one hand and sleep disturbances and awakening problems on the other hand. However, no relations were found between job demands and both sleep quality dimensions across the four-year time span. These findings correspond with previous research, mostly based on the same cohort, which also found reciprocal relations \[[@CR13], \] and largely supports hypothesis 1. It is noteworthy that the normal prospective relation from job demands to sleep disturbances disappeared when including work-related PC in the measurement model. Previous research has suggested that work-related PC may mediate the stress-sleep relationship \[[@CR20]\], which may explain the slightly different findings when including work-related PC in the model.

Job demands and work-related PC were positively and reciprocally related over time. Thus, job demands were related to work-related PC two years later, and work-related PC was related to subsequent job demands. Additionally, positive and reciprocal prospective relations between work-related PC and both sleep quality dimensions (i.e. sleep disturbances and awakening problems) were revealed. Work-related PC was related to future sleep disturbances and awakening problems, which were, in turn, related to subsequent work-related PC. The results regarding positive, reciprocal relations between job demands and work-related PC on the one hand, and work-related PC and sleep quality on the other hand, are in line with a previous study \[[@CR20]\] and support hypotheses 2 and 3. Moreover, the findings underline the relevance of examining work-related PC as a promising mediator in the temporal association between job demands and sleep quality.

The mediation analyses indeed showed that work-related PC may act as a mediator in between job demands and sleep quality (i.e. sleep disturbances and awakening problems), which is in line with the PC hypothesis \[[@CR16], [@CR17]\] and supports hypothesis 4. The PC hypothesis states that a continuous mental representation of stressors may cause prolonged physiological activation and, consequently, poor sleep quality, rather than (or in addition to) the stressors themselves. Job demands at T1 were associated with an increase in work-related PC at T2, which, in turn, was related to an increase in sleep disturbances and awakening problems at T3. However, the reverse was also true: sleep disturbances and awakening problems at T1 were associated with increased work-related PC at T2, which, in turn, was related to increased job demands at T3. Interestingly, the reversed mediation pathways were stronger compared to the normal mediation pathways. The finding that work-related PC served as a mediator in the reversed relation between sleep quality and job demands extends the PC hypothesis and supports the stressor creation hypothesis \[[@CR22]--[@CR24]\], which suggests that poor sleep may lead to an increase in (perceived) stressors. Indeed, poor sleep may contribute to daytime sleepiness and low performance, which, in turn, may elicit work-related PC. Work-related PC may then increase *actual* job demands, for instance, because one needs to redo certain tasks. Alternatively, one may have a gloomier perspective on work or may lose time due to PC and may *perceive* the same demands as being higher.

Continuous Exposure to Job Demands {#Sec14}
----------------------------------

To study continuous exposure to job demands over time, we examined a subgroup of the initial sample with stable job demands across all time points, i.e. stable high, stable moderate, or stable low job demands for (at least) four years. The second objective of this study was to examine whether continuous high job demands lead to decreased sleep quality and increased work-related PC. In line with our hypotheses 5a and 5b and with the effort-recovery theory \[[@CR25]\], results showed that individuals with continuous high job demands had lower sleep quality (i.e. more sleep disturbances and awakening problems) and higher work-related PC, compared to individuals with continuous moderate and low job demands. However, contrary to our hypotheses 6a and 6b and not in line with the allostatic load theory \[[@CR26]\] and the accumulation model \[[@CR27], [@CR28]\], sleep quality did not decrease and work-related PC did not increase over time for individuals experiencing stable high job demands. This finding suggests that most respondents with continuous high job demands experienced already high job demands before entering the study and the accumulating effects of long-term job demands may have reached their maximum. Possibly, after several years of high job demands, negative effects may cease to increase and remain constant.

Strengths, Limitations, and Suggestions for Future Research {#Sec15}
-----------------------------------------------------------

The present study has several assets. First, this study has a longitudinal full-panel design, which allows for drawing, albeit cautious, conclusions about temporal precedence of variables. Moreover, the three-wave longitudinal design permitted us to perform proper mediation analyses. Another strength is the attention given to reciprocal relations instead of only focusing on the traditional direction of causality (i.e. normal causation). A final asset is the investigation of work-related PC as a crucial underlying mechanism of the reciprocal stressor-sleep relationship.

Nonetheless, the present study has some limitations, which need to be taken into account when interpreting the results. A first issue is the exclusive use of self-report measures to assess job demands, work-related PC, and sleep quality. The use of self-report measures has been associated with several problems such as social desirability or retrospection \[[@CR51]\]. Spector \[[@CR52]\], however, has argued that these issues may not be as problematic as previously believed, for instance because mono-method correlations among study variables are often not higher than multi-method correlations. Related to the validity of the PC measure, one could note the use of three items from the over-commitment scale from the Effort-Reward Imbalance Questionnaire \[[@CR37], [@CR38]\] to measure work-related PC. Comparing the definition of work-related PC with the content of the items leads to the conclusion that there is sufficient content validity.

A second limitation is the conservative approach to inclusion of participants. For example, participants only taking part in the first two waves were not included in this study. One might argue that this conservative approach to participant inclusion leads to an underestimation of associations due to low power. However, our sample set was sufficiently powered (i.e. achieved power of 0.95 to detect small effects) and the non-response analyses demonstrate that participants who dropped out only marginally differed from the final study sample. Thus, systematic differences between the participants and dropouts are unlikely and lead us to believe that our conservative approach to data inclusion is warranted. In addition, given the diversity in participants' occupations, our sample represents the Swedish workforce well and may also be indicative of other European working populations. However, careful conclusions are necessary as more research is needed to expand generalizability.

Another limitation of this study is the time lag of two years between waves, which appears to be rather long for assessing work-related PC. No consensus exists regarding an optimal time lag when measuring the association between sleep and work-related factors. Therefore, future studies may perform studies with varying time lags (e.g. from short time lags of 1 day to longer time lags of two or three years). Especially regarding PC, studies with shorter (day-to-day or week-to-week) time lags are relevant, as apart from stable trait levels of PC, within-person variance (state levels of PC) is plausible and interesting to examine \[[@CR53]\]. Please note that, given the time lag of two years used in the present study, we cannot be certain whether the stable job demands groups were actually continuously exposed to stable demands during the entire two years between measurements, or whether job demands fluctuated somewhat in between, but still resulted in generally high job demands. Yet, the high auto-correlations strongly suggest that the stable groups were indeed exposed to overall stable job demands. As is often the case in longitudinal research, effect sizes were rather small (*β* values ranging from 0.03 to 0.08). However, small effect sizes do not imply small effects in relative terms. When establishing changes over time in structural equation modelling, baseline levels of the variables under study are controlled for and explain a large part of the variance \[[@CR54]\]. Moreover, job demands and work-related PC are only a few of many factors that have an impact on sleep quality (see \[[@CR28]\]). Other important causes of poor sleep quality are, for example, health, stressors in private life, and alcohol use \[[@CR55], [@CR56]\]. Consequently, although our study reports small effect sizes in absolute terms, these effects should not be underestimated.

A final limitation is that even though this study sheds more light on causality of relations, longitudinal field studies cannot definitively unravel all causal processes. Consequently, other research designs, as for instance experimental designs, are often proposed to provide more insight into causality. Experimental designs in highly controlled environments are, however, are hard to achieve when addressing the associations among *real-life* variables like job demands, work-related PC, and sleep quality.

Practical Implications {#Sec16}
----------------------

Knowledge of underlying mechanisms of the stressor-sleep relationship may benefit employers and employees alike. Sleep problems and other health issues stemming from continuous high job demands and a preoccupation with work may be prevented by providing employees with sufficient time to recover from high work load and consequently decreasing work-related PC, e.g. by means of sufficient work breaks during the workday or more control over work schedules (aiding recovery opportunities after work). A recent longitudinal study, for example, showed that lunch breaks are important for recovery during the working day and are related to energy levels at work \[[@CR57]\]. Sufficient recovery opportunities and limiting exposure to very high job stressors can prevent a vicious cycle among work stressors, PC, and sleep problems, in the long term aiding both employee health and performance. Also, offering relaxation training could be a way to decrease employees' PC, by giving employees the means to deal with or prevent adverse repetitive thoughts about work \[[@CR58]\]. Another possible method to reduce PC is mindfulness meditation, which has been shown to reduce perseverative modes of thinking \[[@CR59]--[@CR61]\]. Finally, as we found reciprocal effects in this study, it is important to acknowledge that sleep quality may be a valuable point of attack. For instance, promoting good sleep hygiene may help in preventing sleep problems and thus also reduce work-related PC and job demands.

To conclude, the present longitudinal study provided more insight into reciprocity of relations between job demands, work-related PC, and sleep quality. Additionally, the role of work-related PC as an underlying mechanism of the stressor-sleep relationship was strengthened. Lastly, this study provided evidence that individuals with continuous high job demands experience lower sleep quality and higher work-related PC compared to employees with low to moderate job demands. Our findings give a reason to continue focusing on PC in future research on work stress(ors) and sleep.
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